INTRODUCTION
============

Benzodiazepines (BDZs) enhance the efficacy of the neurotransmitter gamma-aminobutyric acid (GABA) at the GABA-A receptor so as to induce sedative, hypnotic, anxiolytic, anticonvulsant, and muscle relaxant properties.[@B1] Various studies have been conducted to understand the association between BDZ and dementia.[@B2][@B3][@B4][@B5][@B6][@B7][@B8][@B9][@B10][@B11] A few well-conducted prospective cohort studies have found an increased risk of dementia in users of long-acting BDZ, whereas subsequent studies found no such association.

The type of BDZ activity (long acting or short acting) and the time period of taking the drug (long term or short term) were also considered in previous analyses. A few studies have inferred that the long-term use of BDZ could increase the risk of dementia, whereas its short-term use might not.[@B2][@B8][@B10] Moreover, long-acting BDZ but not short-acting BDZ might be related to an increased risk of dementia.[@B7][@B9][@B11]

To resolve these discrepancies, the current pooled meta-analysis was designed to establish the association between the long-term use of BDZ and the risk of dementia, in terms of both the duration of action and type of BDZ taken.

METHODS
=======

Search strategy
---------------

A systematic search strategy of the following electronic databases was used to identify all published studies on the association between BDZ use and the risk of dementia: Medline (via Ovid), Embase, and the Cochrane Library. The search terms and keywords were altered in accordance with the specifications of the individual databases. The search strategies are given in the [Supplementary Material 1](#S1){ref-type="supplementary-material"} (in the online-only Data Supplement). No restrictions were placed on publication language. The database search was performed on January 22, 2018. The reference lists of identified articles were checked for additional publications, while the corresponding authors were contacted to obtain additional information about both published and unpublished studies. The present study was reported according to PRISMA guidelines for reporting meta-analyses.

Study selection
---------------

The results obtained from searching the three databases were exported into EndNote X8.0.1 software to identify and remove potential duplicate studies that appeared in more than one database. All of the resulting unique studies were exported into an Excel spreadsheet for initial screening, which involved the titles and/or Abstracts of the unique studies in Excel being checked by two authors (T.W. and L.L.) to exclude any clearly irrelevant studies. For secondary screening, the full text was read to decide on inclusion or exclusion by two authors (T.W. and X.C.) independently based on the selection criteria of the meta-analysis. Disagreement was resolved by a third author (Q.H.) who examined the studies independently.

Inclusion and exclusion criteria
--------------------------------

Studies were eligible for inclusion if they met the following inclusion criteria: 1) a case--control or cohort design, 2) exposure of interest was BDZ intake, 3) outcome was incidence of dementia, and 4) relative risks or odds ratios (ORs) with corresponding 95% confidence interval (CI) reported or could be estimated (from the raw data in the published article).

Data extraction
---------------

The primary studies were reviewed by two authors independently to evaluate their relevance for inclusion in the current pooled analysis. The following data points were then extracted for each study: 1) author name, publication year, and study site, 2) study design, 3) number of study subjects, and numbers of study subjects on BDZ and having dementia, 4) effect estimates with CIs, 5) assessment of exposure (BDZ usage) and outcome (dementia), and 6) confounding factors adjusted, if applicable.

Quality assessment
------------------

Any inconsistencies in opinion between the two independent authors were resolved by an analysis of the published article by a third author. The Newcastle-Ottawa Scale (NOS) was used to measure the quality of each study. This scale considers the three factors of selection (4 points), comparability (2 points), and outcome/exposure (3 points), with the study quality being highest for the maximum score of 9 points, moderate for a score of 7 or 8 points, and low for a score ≤6 points.

Data synthesis and analysis
---------------------------

The rate ratio (RR) was used as the effect estimate in pooling. Both cohort and case--control studies were allowed since the risk of dementia is low and the RR in prospective cohort studies will mathematically approximate the OR. A random-effects model (the DerSimonian-Laird method) was chosen for pooling the effect estimates of individual studies, since it was assumed that the effect sizes underlying different studies are drawn from a distribution rather than representing a common effect size shared by all studies. The overall pooled RR estimate was calculated by comparing ever BDZ users with never BDZ users. Heterogeneity was assessed in various ways, including visual examination of a forest plot, the Cochrane Q test, and the I^2^ statistic. A Q statistic with a *p* value of \<0.01 and I^2^ value \>50% was considered to indicate heterogeneity. Subgroup analyses were performed to assess the sources of heterogeneity according to study design (cohort vs. case--control studies) and study quality.

A secondary analysis was performed to determine the effects on dementia of the duration of BDZ usage (effect estimate for long-term usage was obtained by comparing longterm BDZ usage with short-term BDZ usage) and the half-life of BDZ (effect estimate for the use of long-acting BDZ was obtained by comparing the use of long-acting BDZ with the use of other types of BDZ: ultra-short-, short-, and medium-term-acting BDZ). A subgroup analysis could not be conducted based on the duration of BDZ use and BDZ pharmacokinetics since these are not primary estimates and these effect estimates are not reported for all studies. Therefore, a secondary pooled analysis was performed to draw further inferences on the use of BDZ.

The test for interaction developed by Altman and Bland[@B12] is useful for assessing if there is a significant difference between two effect estimates (E1 and E2) obtained from a subgroup analysis. The result of the test for interaction is interpreted based on the *p*~interaction~ value, and the z value is calculated as:

$$z = \frac{d}{SE\left( d \right)} = \frac{\left( E1 - E2 \right)}{\sqrt{\left\lbrack {SE\left( E1 \right)^{2} + SE\left( E2 \right)^{2}} \right\rbrack}}$$

The *p*~interaction~ value is obtained by referring the ratio (z) to a table for a normal distribution, and *p*~interaction~\>0.05 indicates that there is no good evidence for a different treatment effect across two effect estimates or vice versa.

A sensitivity analysis was performed to assess the influence of each individual study on the pooled effect estimate. Studies were depicted in a forest plot in ascending order of difference between the individual effect size and the pooled estimate in order to depict the results of the sensitivity analysis. Publication bias was assessed via visual inspection of a funnel plot and the Begg and Mazumdar[@B13] adjusted rank correlation test. The statistical analyses were performed using the Comprehensive Meta-Analysis software (version 2, Biostat, Englewood, NJ, USA).

RESULTS
=======

Search results
--------------

The 3,030 references identified included 3,026 articles (258 from Medline, 2,551 from Embase, and 217 from the Cochrane Library) found by searching the electronic databases up to January 2018, plus 4 articles found by screening the reference lists of the included articles ([Fig. 1](#F1){ref-type="fig"}). We excluded 358 duplicates using EndNote reference manager and 2,623 studies found to be ineligible after reading titles and Abstracts. Accordingly, we retrieved 49 references for further assessment. We excluded 39 references since 20 did not report separate data on BDZs, 16 studies did not assess the casual relationship between BDZ use and dementia, and 3 did not report original data. The ten studies remaining for inclusion in the meta-analysis comprised four cohort and six case--control studies.

Study characteristics
---------------------

The 4 cohort studies ([Table 1](#T1){ref-type="table"}) and 6 case--control studies ([Table 2](#T2){ref-type="table"}) involved 171,939 subjects and 42,025 dementia cases. The follow-up period was 4--22 years in these studies, and the publication period was 2002--2017. The mean age of patients in all of the included studies was older than 70 years, with the exception of Gallacher et al.[@B2] reporting a mean age of 61 years. This meant that all of the included results were for elderly patients; the mean ages in the individual studies are presented in [Table 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}. The studies included more females than males, with the exception of Gallacher et al.[@B2] studying male patients only.

The 6 case--control studies involved 159,124 participants who were followed up for 4--11 years, comprising 8,108 BDZ users in 40,235 dementia cases and 12,791 BDZ users in 109,889 controls. Only one of the six case--control studies found a negative relationship between BDZ use and the risk of dementia.[@B11] Two studies each were conducted in Taiwan and Europe, and one each in UK and Hong Kong ([Table 2](#T2){ref-type="table"}).

The 4 cohort studies were published between 2011 and 2016 and involved 12,815 participants. These studies had follow-up periods ranging from 7 to 22 years, and involved 1,790 dementia cases and more than 1,500 BDZ users. A negative relationship between BDZ use and the risk of dementia was found in one study.[@B9] The four cohort studies comprised two conducted in France and one each in the UK and USA ([Table 1](#T1){ref-type="table"}).

Exposure to BDZ assessment in included studies
----------------------------------------------

None of the included studies focused on a single class or category of BDZ. Patients were classified as being exposed to BDZ if they took any BDZ for a prespecified duration. However, the included studies performed ad-hoc analyses according to various categories of BDZ. The method of exposure assessment differed across the included studies. The use of BDZ was analyzed using medical records in five of the six case-control studies, and self-reported in the sixth study, while medical records were used in two of the four cohort studies, with self-reporting in the other two. Further information about the BDZ use and assessment is given in [Table 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}.

Quality assessment results
--------------------------

The NOS scores resulted in eight of the ten studies being categorized as of moderate quality, and the remaining two studies categorized as of low quality.[@B2][@B5] These results were as expected since all of the included studies were observational in nature and prone to selection bias. Detailed results of the quality assessment are given in the [Supplementary Materials 2](#S2){ref-type="supplementary-material"} (in the online-only Data Supplement). Despite the mediocre overall quality of the included studies, the present pooled meta-analysis results are reliable.

Pooled RR estimates: ever BDZ use vs. never BDZ use
---------------------------------------------------

The heterogeneity parameter (*p*~heterogeneity~\<0.05, I^2^=97%) was observed to be significant, and so a random-effects model was chosen over a fixed-effects model. The combined analysis of the ten studies inferred that patients with ever BDZ use were associated with a considerable increase in the risk of dementia (RR=1.51, 95% CI=1.17--1.95, *p*=0.002) compared to patients with never BDZ use. The multivariable-adjusted RR estimate and 95% CI of each study and the pooled RR are shown in [Fig. 2](#F2){ref-type="fig"}.

Subgroup analysis
-----------------

No significant difference in the two pooled RR values was found when the studies were grouped into those of moderate quality (RR=1.44, Cochrane Q=302.5, *p*~heterogeneity~\<0.05, I^2^=97.7%) and low quality (RR=1.87, Cochrane Q=1.2, *p*~heterogeneity~=0.280, I^2^=14.5%) (*p*~interaction~=0.64) ([Fig. 3](#F3){ref-type="fig"}), nor when the studies were grouped according to the study design (case--control and cohort studies) (*p*~interaction~=0.43). However, the positive relationship between BDZ use and the risk of dementia was stronger in the case--control studies (RR=1.57, Cochrane Q=294, *p*~heterogeneity~\<0.05, I^2^=98.3%) than in the cohort studies (RR=1.26, Cochrane Q=6.4, *p*~heterogeneity~=0.091, I^2^=53.5%) ([Fig. 4](#F4){ref-type="fig"}).

Long-term BDZ use
-----------------

The long-term use of BDZ and the risk of dementia were assessed in four studies.[@B2][@B4][@B8][@B10] Long-term BDZ use was significantly associated with an increased risk of dementia (RR=1.21, Cochrane Q=3.4, *p*~heterogeneity~=0.330, I^2^=12.7%) when compared to the short-term use of BDZ ([Fig. 5](#F5){ref-type="fig"}).

Use of long-acting BDZ
----------------------

The use of long-acting BDZ and the risk of dementia were assessed in four studies.[@B7][@B9][@B10][@B11] The use of long-acting BDZ was not strongly related to the risk of dementia (RR=1.16, Cochrane Q=13.3, *p*~heterogeneity~\<0.05, I^2^=77.6%) when compared to patients taking short- or medium-term-acting BDZ ([Fig. 6](#F6){ref-type="fig"}).

Publication bias
----------------

The *p* values for Begg\'s (*p*=0.21) and Egger\'s (*p*=0.49) tests indicated that publication bias was not present, and the visual inspection of the funnel plot also did not reveal any asymmetry ([Fig. 7](#F7){ref-type="fig"}).

Sensitivity analysis
--------------------

The robustness of the analysis results was tested by performing a sensitivity analysis in which the overall effect size was measured by removing one study at a time. This analysis produced no significant variation in the pooled RR when excluding either the outlier study of Chan et al.[@B11] (due to a very small sample) (RR=1.57, 95% CI=1.20--2.06) or any of the other studies (RR=1.37--1.58), thereby confirming the robustness of the present results ([Fig. 8](#F8){ref-type="fig"}).

DISCUSSION
==========

This meta-analysis pooled ten studies and found that BDZ significantly increases the risk of dementia in the elderly population. This effect was greater in patients using BDZ with a longer half-life (\>20 hours half-life) and taking BDZ for a longer duration (\>3 years).

The positive relationship between BDZ use and the risk of dementia was stronger in the case--control studies (RR=1.57) than in the cohort studies (RR=1.26). Such a trend is usually observed when effect estimates for adverse effects are compared between case--control and cohort studies. A methodological review performed by Golder et al.[@B14] found that the estimates for adverse effects were slightly larger (although not significantly) for case--control than cohort studies. It is generally considered that case--control studies have a higher risk of bias than cohort studies and are more susceptible to selection and recall bias.

The RR values for long-term BDZ use (=1.21) and the use long-acting BDZ (=1.16) were lower than the primary pooled RR (ever BDZ user vs. never BDZ user; RR=1.51) estimate because the comparator to estimate RR differed for the three estimates, which meant they could not be compared.

The long-term use of BDZ is associated with the accumulation of generalized cognitive deficits that lead to an increased risk of dementia in long-term BDZ users compared to short-term BDZ users. Withdrawal symptoms could be observed in short-term BDZ users, but no accumulation of cognitive deficits. The trend observed in the present analysis is consistent with the explanation given above.

This studies included the following three categories of BDZ half-life values: 1) short-acting BDZs (half-life \<12 h) such as midazolam and triazolam, 2) intermediate-acting BDZs (half-life=12--24 h) such as alprazolam, clonazepam, lorazepam, oxazepam, temazepam, lormetazepam, and flunitrazepam, and 3) long-acting BDZs (half-life \>24 h) such as chlordiazepoxide, flurazepam, diazepam, nitrazepam, and quazepam. The pooled analysis showed that the use of long-acting BDZ is associated with a nonsignificant increase in the risk of dementia compared to patients taking short- or medium-term-acting BDZ.

The results of the meta-analysis should be interpreted carefully since statistically significant heterogeneity was observed in the included studies. The source of heterogeneity in the pooled studies was not revealed in the predefined subgroup analysis. However, the study characteristics in [Table 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"} provide interesting insights that might explain the observed heterogeneity. The sample sizes of the included studies ranged widely, from 273 to 105,725, and studies with smaller samples had effect estimates with wider 95% CIs or RRs of less than 1. Pooling studies with differing sample sizes might lead to heterogeneity. However, other sources of heterogeneity should not be ignored, including the definition of BDZ exposure and the diagnostic method used to confirm the presence of dementia in the included studies.

A few recently published studies have found no association between BDZ and dementia. Despite this, the pooled evidence shows that risk of dementia is high in patients taking BDZ.[@B10][@B11] Three associated processes might have impacted the development of dementia in patients using BDZ. One characteristic is that BDZ reduces the level of beta-site amyloid precursor protein-cleaving enzyme 1 and the c-secretase activity that subsequently slows down the buildup of amyloid-beta oligomers in the brain.[@B15][@B16] Such a possible positive effect along with an antiglutamatergic action of BDZ has never been confirmed.[@B17] Another possible influencing process is the presence of astrocytes at the amyloid plaques in patients with predementia lesions having GABA-secreting activity, which will enhance the deleterious cognitive effects of BDZ.[@B18] Another major process via which BDZs might result in dementia is decreasing the brain activation level.[@B19]

The association between BDZs and dementia could be a reverse-causation bias, since the main indications for BDZ (insomnia and anxiety) can also be prodromal of dementia disorders.[@B6] The main hurdle with observational studies is collecting data to support the possibility of reverse causation over a long period.[@B20]

However, we suggest that bias due to reverse causation was highly unlikely in the present analysis, since BDZs were taken for more than 10 years before the diagnosis of dementia.[@B2] The relationship between BDZ use and dementia can be considered a marker of the increased risk of the occurrence of dementia, and not as the main cause. However, some studies have recommended that before diagnosing dementia, data from previous years should be analyzed to see if there is a strong correlation between the symptoms of dementia and BDZ prescriptions.[@B21][@B22][@B23] Such an association can be inferred as a confounding factor based on indication and reverse causation. If reverse causation is a factor, the association of BDZ with dementia should be stronger in short-term users than in long-term past users. Imfeld et al.[@B10] suggested that in patients using BDZs for \<1 year before a diagnosis have an increased risk of Alzheimer\'s and vascular dementia compared with patients using BDZs for 2--4 years before a dementia diagnosis.

The Caerphilly Prospective Study of Gallacher et al.[@B2] found a significant positive association between BDZ use and dementia. Those authors also reported that the relationship was strongest for cumulative use over \>4 years (OR=4.38, 95% CI=1.15--16.75). The very long follow-up was an undisputable strength of the present study, even if its low statistical power precluded several subanalyses for assessing the plausibility of reverse causation.

In addition to an increased risk of dementia, there is also evidence that BDZs increase the risk of injurious falls, fractures, acute respiratory failure, and delirium, all of which reduce a patient\'s quality of life and increases the financial burden.[@B24][@B25][@B26] The ten studies published on the topic were not consistent, with one inferring a protective effect of BDZ,[@B27] nine finding an increase in dementia disorders in BDZ users,[@B2][@B3][@B4][@B5][@B6][@B28][@B29] and the tenth finding no relationship.[@B10] These findings suggest that BDZs should be prescribed only when there is an utmost need for treatment.

A BDZ still might be the drug of choice for treating insomnia in elderly patients, with careful selection of the particular BDZ according to clinical guidelines. Short-acting BDZs should be prescribed as a short-term therapy and progressively withdrawn to avoid cumulative effects such as deceased cognition.

This study was subject to some limitations: 1) all of included studies were observational, which may lead to recall bias, 2) few data on the duration of action of BDZs were included in the studies, and 3) the specific roles of individual BDZs and doses could not be determined since the required data were not reported.

In conclusion, this meta-analysis has yielded evidence that BDZ use is associated with dementia. This association is stronger in people using long-acting BDZs for longer durations. We suggest that ultra-short-acting BDZs should be prescribed and then tapered off while using other therapies in order to avoid dependence and other long-term adverse events. Further prospective long-term studies are required to eliminate reverse-causation bias and to confirm the presence of an association between BDZ and dementia.
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NOS quality rating of included studies

![PRISMA flow diagram of the study selection process. Flow chart shows the number of citations retrieved by database search and criteria used to include or exclude a citation. Number of citations excluded are given in rectangular box along with the reason for exclusion. A total of 3,030 citations were screened and out of which 10 citations were finally included for pooled analysis. BDZ: benzodiazepine, n: number of studies.](jcn-15-9-g001){#F1}

![Forest plot of RR of ever BDZ users compared to never BDZ users. There is an increased risk of dementia in ever BDZ users compared to never BDZ users. Forest plot representing RR estimates with 95% CIs of each study and combined RR based on 10 studies (6 case-control and 4 cohort studies). Squares indicate RR in each study. The square size is proportional to the weight of the corresponding study in the meta-analysis; the length of horizontal lines represents the 95% CI. The diamond indicates the pooled RR and 95% CI (random-effects model). BDZ: benzodiazepines, CI: confidence interval, RR: relative risk.](jcn-15-9-g002){#F2}

![Forest plot of subgroup-analysis for ever BDZ users vs. never BDZ users accrding to study quality (low and medium study quality). No significant difference in RR found among the subgroups according to medium (*n*=8) and low (*n*=2) quality studies. Both indicating an increased risk of dementia in ever BDZ users compared to never BDZ users. Results of each subgroup is shown at the end of each subgroup in diamond shape. Squares indicate RR in each study. The square size is proportional to the weight of the corresponding study in the meta-analysis; the length of horizontal lines represents the 95% CI. BDZ: benzodiazepines, CI: confidence interval, n: number of studies, RR: relative risk.](jcn-15-9-g003){#F3}

![Forest plot of subgroup-analysis for ever BDZ users vs. never BDZ users accrding to study design (case-control and cohort). No significant difference in RR found among the subgroups according to cohort (*n*=4) and case-control (*n*=6) studies. Both indicating an increased risk of dementia in ever BDZ users compared to never BDZ users. Forest plot representing pooled (random-effects model) results (RR and 95% CIs) of subgroup-analysis according to study design i.e. Results of each subgroup is shown at the end of each subgroup in diamond shape and could be inferred as increased risk of dementia in BDZ users across the study design. Squares indicate RR in each study. The square size is proportional to the weight of the corresponding study in the meta-analysis; the length of horizontal lines represents the 95% CI. BDZ: benzodiazepines, CC: case-control, CI: confidence interval, COH: Cohort, n: number of studies, RR: relative risk.](jcn-15-9-g004){#F4}

![Forest plot of secondary-analysis for long term BDZ users compared to short term BDZ users. Long term BDZ users have significantly higher risk of dementia compared to short term BDZ users. Forest plot representing pooled estimate of RR and 95% CIs based duration of BDZ use. Squares indicate RR in each study. The square size is proportional to the weight of the corresponding study in the meta-analysis; the length of horizontal lines represents the 95% CI. The diamond indicates the pooled RR and 95% CI (random-effects model). BDZ: benzodiazepines, CI: confidence interval, RR: relative risk.](jcn-15-9-g005){#F5}

![Forest plot of secondary-analysis for long acting BDZ users compared to short/medium acting BDZ users. Long acting BDZ users have non significantly higher risk of dementia compared to short acting BDZ users. Forest plot representing pooled estimate of RR and 95% CIs based half-life of BDZ. Squares indicate RR in each study. The square size is proportional to the weight of the corresponding study in the meta-analysis; the length of horizontal lines represents the 95% CI. The diamond indicates the pooled RR and 95% CI (random-effects model). BDZ: benzodiazepines, CI: confidence interval, RR: relative risk.](jcn-15-9-g006){#F6}

![Funnel plot representing publication bias. Funnel plot does not have any asymmetry representing no significant publication bias in the study. Rate ratios are displayed on a logarithmic scale. Circles represent studies included in the meta-analysis.](jcn-15-9-g007){#F7}

![Sensitivity analysis forest plot. There is no significant impact of single study on pooled effect estimate. Sensitivity analysis plot representing impact on pooled effect estimate if individual studies are removed one by one based on ascending order of difference between the effect size and the pooled estimate. Square and length of horizontal lines beside each study represents pooled effect estimate and its 95% CI of all included studies except the study beside the square. The diamond indicates the pooled RR and 95% CI (random-effects model). BDZ: benzodiazepines, CI: confidence interval, RR: relative risk.](jcn-15-9-g008){#F8}

###### Characteristics of included cohort studies

![](jcn-15-9-i001)

  Study name                                                                                                                      Mean age/ M to F ratio                                  F/u period (years)   Definition of BDZ use                                                                                                           BDZ Class and Components                                                                                                                                                                                                                                                               BDZ use assessment           Dementia assessment   Study population (BDZ users/ non BDZ users)   Total dementia cases (BDZ users/ non BDZ users)   NOS quality rating
  ------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------- -------------------- ------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------- --------------------- --------------------------------------------- ------------------------------------------------- --------------------
  Shash et al. 2016[@B9] (France)                                                                                                 73 (0.25)                                               8                    • Prevalent use was defined as any report of BDZ use at baseline                                                                All classes of benzodiazepines and their derivative drugs, including anxiolytic, hypnotic and sedative antiepileptic, and myorelaxants                                                                                                                                                 Patient reported             Medical records       7,130 (1,246/5,884)                           647 (151/496)                                     7
  • Incident use was defined as BDZ use during the study                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  • Long half-life BDZ-t1/2 \>20 hrs                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
  Gray et al. 2016[@B8] (USA)                                                                                                     74 (NR)                                                 7.3                  • Ever exposure to BDZ (any)                                                                                                    1\) BDZs-temazepam, diazepam, clonazepam, triazolam, lorazepam, alprazolam, flurazepam, oxazepam, chlordiazepoxide, clorazepate                                                                                                                                                        Computerized pharmacy data   Clinician             3,434 (NA/NA)                                 797 (NA/NA                                        8
  • At each time point during F/u, the cumulative exposure to BDZ is calculated by summing all BDZ use in the previous 10 years   2\) Non-BDZ hypnotics-zolpidem, eszopiclone, zaleplon                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
  • Categorized further based on cumulative use as no use, 1--30, 31--120, or ≥121 (long term intake) TSDDs                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
  Gallacher et al. 2012[@B2] (UK)                                                                                                 61 (All subjects are males)                             22                   • Ever exposure to BDZ (any)                                                                                                    BDZ                                                                                                                                                                                                                                                                                    Medical record               Clinician             1,188 (103/1,085)                             93 (22/71)                                        6
  • Long term intake defined as \>4 years of BDZ use                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
  Billioti de Gage et al. 2012[@B6] (France)                                                                                      72 (0.89)                                               15                   • New BDZ users defined as subjects without declared BDZ use at baseline to 3 years and declared BDZ use between 3 and 5 year   Alprazolam,bromazepam, chlordiazepoxide, clobazam, clonazepam, clorazepate, clotiazepam, diazepam, estazolam, flunitrazepam, loflazepate, loprazolam, lormetazepam, nitrazepam, nordazepam, prazepam, oxazepam, temazepam, tetrazepam, tofizopam, triazolam, zolpidem, and zopiclone   Patient reported             Clinician             1,063 (95/968)                                253 (30/223)                                      7
  • Non users are defined as subjects without any declared use of BDZ at all 5 years from start of study                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

BDZ: benzodiazepine, F: female, F/u: follow-up, M: male, NA: nor applicable, NOS: New Castle Ottawa Scale, NR: not rated, TSSDs: total standardized daily doses.

###### Characteristics of included case-control studies

![](jcn-15-9-i002)

  Study name                                                                                                                                Mean age/ M to F ratio   Study period (years)   Definition of BDZ use                                                                                                                                                              BDZ Class and Components                                                                                                                                                                                                              BDZ use assessment             Dementia assessment            Study population (cases/controls)   BDZ users in cases/controls   NOS quality rating
  ----------------------------------------------------------------------------------------------------------------------------------------- ------------------------ ---------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------ ------------------------------ ----------------------------------- ----------------------------- --------------------
  Chan et al. 2017[@B11] (Hong Kong)                                                                                                        87 (0.28)                9.8                    • Ever exposure to BDZ (any)                                                                                                                                                       Alprazolam, bromazepam, lormetazepam, chlordiazepoxide, clorazepate, diazepam, flunitrazepam, flurazepam, lorazepam, midazolam, nitrazepam, triazolam, clonazepam, clobazam                                                           Computerized medical records   Clinician                      273 (91/182)                        40/81                         7
  • Exposure density assessed as PDD-total doses in milligrams divided by the total duration of use in days by all subjects in the cohort                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
  • Long term use of BDZ is defined as PDD ≥1,096                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  • Long half-life BDZ--t1/2 \>20 hrs                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
  Gomm et al. 2016[@B7] (Germany)                                                                                                           75 (0.55)                4.7                    • Regular BDZ (any) users are defined as if subjects had at least one prescription of BDZs in each of four sequential quarters during the observation time before the index date   Study did not specify the specific BDZ used, we assume that all approved BDZs were used for the analysis                                                                                                                              Computerized medical records   Computerized medical records   105,725 (21,145/84,580)             1,719/4,940                   7
  • No use is defined as no prescription in any quarter during the observation time before the index date                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
  • Patients with occasional BDZR use (i.e., non regular BDZ use) were excluded                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
  Imfeld et al. 2015[@B10] (UK)                                                                                                             79 (0.55)                10                     • Ever exposure to BDZ (any)                                                                                                                                                       All classes of BDZs and BDZ derivatives                                                                                                                                                                                               Medical records                Medical records                19,272 (9,636/9,636)                2,872/2,576                   7
  • Long half-life BDZ-t1/2 \>24 hrs                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  • Long term use defined as \>150 BDZ prescriptions                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  Wu et al. 2009[@B4] (Taiwan)                                                                                                              75 (0.86)                4                      • BDZs exposure status was assessed in subjects before the case index date                                                                                                         All classes of BDZs and BDZ derivatives                                                                                                                                                                                               Medical records                Medical records                5,405 (779/4,626)                   267/852                       7
  • Long-term BDZs users, defined as receiving BDZs for more than 180 days within an 1-year period                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  Wu et al. 2011[@B3] (Taiwan)                                                                                                              77 (0.94)                9.1                    • BDZs exposure status was assessed in subjects before the case index date                                                                                                         Study did not specify the specific BDZs used, we assume that all approved BDZs were used for the analysis                                                                                                                             Medical records                Medical records                25,140 (8,434/16,706)               3,113/2,628                   7
  • Long-term BDZs users, defined as receiving BDZs for more than 180 days within an 1-year period                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  Lagnaoui et al. 2002[@B5] (France)                                                                                                        74 (0.54)                11                     • Ever users if exposed to BDZs at least once before the index date and nonusers if not                                                                                            Alpidem, alprazolam, bromazepam, chlordiazepoxide, clobazam, clonazepam, clorazepate, clotiazepam, diazepam, estazolam, flunitrazepam, loflazepate, loprazolam, lormetazepam, nitrazepam, nordazepam, prazepam, oxazepam, temazepam   Patient reported               Medical records                3,309 (150/3,159)                   97/1,714                      6
  • Former use of BDZ is defined as BZD use had ended within the past 2 or 3 years (former use)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

BDZ: benzodiazepine, BDZR: benzodiazepine related z-substance, F: female, M: male, NOS: New Castle Ottawa Scale, PDD: prescribed daily doses.
